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Specification 

SWITCHING CIRCUIT 

Field of the Invention 

The present invention relates to a circuit for detecting current of a switch by 
detecting on- voltage of a power switch. 

Related Art 

A first conventional example of a switching circuit having a current detecting 
circuit is shown in Fig. 10. This conventional example is equipped with a main switch 
111 composed of MOSFET, of which on- voltage shows resistance characteristics, and a 
gate terminal of the main switch 111 is connected to a driving circuit 104. And a drain 
terminal of the main switch 111 is connected to a fixed potential 103, and a source 
terminal thereof is connected to a load circuit 102. A current detecting circuit installed 
in the switching circuit has a current detecting switch 114 wherein a drain terminal 
thereof is connected to the fixed potential and a gate terminal thereof is connected to the 
driving circuit 104. Further, a source terminal of the current detecting switch 114 is 
connected to a resistance element 121 and a positive-terminal of an amplifier 106 and 
the source terminal of the main switch 111 is connected to a negative-terminal of the. 
amplifier 106, which is constructed so that current can be detected by amplifying 
voltage of a resistance element 121. 

And a second conventional example is shown in Fig. 11, which is described 
based on Japanese Patent No. HI -26250. This conventional example comprises the 
main switch 111 composed of MOSFET, of which on- voltage shows resistance 
characteristics, the gate terminal thereof is connected to the driving circuit 104. And the 
drain terminal of the main switch 111 is connected to the fixed potential 103 and its 
source terminal is connected to the load circuit 102. The current detecting circuit 
installed in this switching circuit comprises the current detecting switch 114, whose 
drain terminal is connected to the fixed potential and whose gate terminal is connected 
to the driving circuit 104. And further by applying a standard current to the current 
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detecting switch 114, on- voltage of the current detecting switch 114 and on- voltage of 
the main switch 111 are to be amplified comparatively by the amplifier 106. 

At first, in the first conventional example, in order that current of the resistance 
element 121 is proportional to on-current of the main switch 111, voltage of the 
resistance element 121 must be half of the on- voltage of the current detecting switch 
114 or less. Therefore, in order to amplify waveform up to the level usable for a control 
circuit, an amplifier needs to have high gain capacity. Because current waveform 
includes components of high frequency, it was actually difficult to amplify the current 
wave up to high frequency keeping a high gain capacity. 

And in the second conventional example, because by applying a standard 
current to the current detecting switch 114, on-voltage of the current detecting switch 
114 and on-voltage of the main switch 111 is to be amplified comparatively, it has been 
a problem that an output signal is not real time current waveforms so that results of 
comparison are above or below a defined current level. 

DISCLOSURE OF THE INVENTION 

In view of the above problem, the present invention is to provide a switching 
circuit with a low cost having a current detecting circuit that detects current waveform 
of the main switch in form of a real time waveform in high speed and outputs it in form 
of a large signal with low impedance. 

In the present invention, the above-described object is achieved by providing 
the current detecting circuit that can output large current waveform while keeping 
difference of input voltage of an amplifier to be about zero volt. And by connecting the 
third switch, of which gate signal synchronizes that of the main switch, between a first 
resistance element and a subsidiary switch, voltage waveform of the second resistance 
element becomes similar to that of current waveform of the main switch, so that the 
current waveform with a high speed can be treated as a large voltage signal. 

When the first resistance element made from poly-silicon resistance is formed 
on an insulating film, insulation between the main switch and the first resistance 
element can be formed easily and a highly integrated circuit may be possible and 



2 



parasitic capacity etc. becomes small so that high speed operation becomes possible. 
When the first resistance element is formed so as to have its temperature coefficient 
with higher positive value than that of the main switch, in the current detecting circuit 
using the first resistance element, it is possible to easily provide a switching circuit with 
stronger function of anti-heat-bursting. Therefore, a current detecting circuit with many 
excellent features can be easily formed. 

That is, to solve the above-described problems, the present invention has 
structures set forth below. 

According to a first embodiment of the present invention, a switching circuit 
having a switching element, comprises a current detecting circuit having a main switch 
composed of MOSFET, whose on-voltage shows resistance characteristics, wherein a 
gate terminal thereof is connected to a driving circuit, and further one of a drain 
terminal and a source terminal thereof is connected to a fixed potential and the other 
terminal is connected a load circuit, a first resistance element having higher resistance 
value than on-resistance of the main switch, a subsidiary switch composed of MOSFET, 
the source terminal of which is connected to the first resistance element, an amplifier 
that amplifies comparatively voltage generated in the first resistance element and 
on-voltage of the main switch and outputs it to a gate terminal of the subsidiary switch, 
and a second resistance element that generates voltage by amplifying on-current of the 
main switch by connecting to a drain terminal of the subsidiary switch. 

According to a second embodiment of the present invention, in the switching 
circuit according to the first embodiment of the present invention, one of terminals of 
the first resistance element is further connected to a fixed potential as in the main 
switch. 

According to a third embodiment of the present invention, in the switching 
circuit according to the first embodiment of the present invention, a third switch, whose 
gate signal synchronizes that of the main switch, is connected between the first 
resistance element and the subsidiary switch. 

According to a fourth embodiment of the present invention, in the switching 
circuit according to the first embodiment of the present invention, one of terminals of 
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the first resistance element is connected to a fixed potential as in the main switch and 
the third switch, whose gate signal synchronizes that of the main switch is connected 
between the first resistance element and the subsidiary switch. 

According to a fifth embodiment of the present invention, in the switching 
circuit according to the first embodiment of the present invention, one of terminals of 
the first resistance element is connected to a terminal which is connected to a load 
circuit of the main switch, and the other terminal of the first resistance element is 
connected to the source terminal of the subsidiary switch. 

According to a sixth embodiment of the present invention, in the switching 
circuit according to the first embodiment of the present invention, the first resistance 
element has the same cell structure as the main switch and is MOSFET biased by a 
fixed gate or poly-silicon resistance. 

According to a seventh embodiment of the present invention, in the switching 
circuit according to the first embodiment of the present invention, the first resistance 
element has the same cell structure as the main switch and is MOSFET biased by fixed 
gate or poly-silicon resistance, wherein one of terminals of the first resistance element is 
connected to a fixed potential as in the main switch. 

According to an eighth embodiment of the present invention, in the switching 
circuit according to the first embodiment of the present invention, the first resistance 
element has the same cell structure as the main switch and is MOSFET biased by a 
fixed gate or poly-silicon resistance wherein the third switch, whose gate signal 
synchronizes that of the main switch, is connected between this first resistance element 
and the subsidiary switch. 

According to a ninth embodiment of the present invention, in the switching 
circuit according to the first embodiment of the present invention, the first resistance 
element has the same cell structure as the main switch and is MOSFET biased by a 
fixed gate or poly-silicon resistance, wherein one of terminals of the first resistance 
element is connected to a fixed potential as in the main switch and the third switch, of 
which gate signal synchronizes that of the main switch, is connected between this first 
resistance element and the subsidiary switch. 
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According to a tenth embodiment of the present invention, in the switching 
circuit according to the first embodiment of the present invention, the first resistance 
element has the same cell structure as the main switch and is MOSFET biased by the 
fixed gate or poly-silicon resistance wherein one of terminals of this first resistance 
element is connected to a terminal which is connected to the load circuit of the main 
switch and the other terminal of the first resistance element is connected to the source 
terminal of the subsidiary switch. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig.l is a circuit diagram showing outline of a first embodiment of a switching 
circuit according to the present invention. 

Fig.2 is a circuit diagram showing outline of a second embodiment thereof. 
Fig. 3 is a circuit diagram showing outline of a third embodiment thereof. 
Fig.4 is a diagram of operation waveform of the third embodiment shown in 

Fig.3. 

Fig. 5 is a circuit diagram showing outline of a fourth embodiment thereof. 
Fig.6 is a circuit diagram showing outline of a fifth embodiment thereof. 
Fig. 7 is a circuit diagram showing outline of a sixth embodiment thereof. 
Fig. 8 is a circuit diagram showing outline of a seventh embodiment thereof. 
Fig.9 is a circuit diagram showing outline of an eighth embodiment thereof. 
Fig. 10 is a circuit diagram showing outline of a first conventional example of a 
switching circuit. 

Fig. 11 is a circuit diagram showing outline of a second conventional example. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Embodiments of a switching circuit according to the present invention will be 
described hereafter with reference to attached figures. 

(Embodiment 1) 
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The first embodiment of the switching circuit according to the present 
invention is shown in Fig.l. 1 is an input power source, 2 is a load, 3 is fixed potential, 
4 is a driving circuit, 6 is an amplifier, 11 is a main switch, 12 is a subsidiary switch, 13 
is a third switch, 14 is a current detecting switch, 15 is a high side switch, 21 is a first 
resistance element, and 22 is a second resistance element. 

The switching circuit according to the present embodiment comprises a main 
switch 11 composed of p-channel MOSFET, whose on-voltage shows resistance 
characteristics wherein a gate terminal of the main switch 11 is connected to a driving 
circuit 4. And a source terminal of the main switch is connected to the fixed potential 3 
and a drain terminal thereof is connected to the load circuit 2. In addition, the fixed 
potential 3 may be connected to the drain terminal of the main switch 1 1 and the load 
circuit 2 may be connected to the source terminal of the main switch 11. This switching 
circuit comprises the current detecting circuit, which comprises the first resistance 
element 21 having higher resistance value (10000 times for example) than on-resistance 
of the main switch 11, and the first resistance element 21 is connected to the fixed 
potential 3 or the load circuit 2. Moreover, the first resistance element 21 may be an 
ordinary diffusion resistance or a poly-silicon resistance. And by setting temperature 
coefficient of the first resistance element 21 to the same value as that of the 
on-resistance of the main switch 11, an accurate current detecting circuit can be 
constructed. And the switching circuit comprising this current detecting circuit can be 
set up so as to shift a detecting point of over current to a lower current side according to 
elevation of temperature. 

The current detecting circuit comprises the subsidiary switch 12 composed of 
p-channel MOSFET, wherein the first resistance element 21 is connected to a source 
terminal thereof. And the current detecting circuit comprises the amplifier 6. The 
positive-terminal of the amplifier 6 is connected to the drain terminal of the main switch 
11, and a negative-terminal thereof is connected to the source terminal of the subsidiary 
switch and the first resistance element 21, and an output thereof is connected to a gate 
terminal of the subsidiary switch 12. The above-described constructions aims to output 
to the gate terminal of the subsidiary switch 12 by amplifying comparatively voltage 
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generated at the first resistance element 21 and on-voltage of the main switch 11. And 
further the current detecting circuit comprises the second resistance element 22 that is 
connected to the drain terminal of the subsidiary switch 12 and is constructed so as to 
generate voltage by amplifying on-current of the main switch 1 1 . 

The switching circuit with the current detecting circuit is constructed as 
described above and operated as describing thereafter. When the main switch 11 is 
turned on, the main switch 1 1 generates on-voltage, which is detected by the amplifier 6. 
And by turning on the main switch 11, voltage is generated in the first resistance 
element 21 that is connected to the fixed potential 3 and detected by the amplifier 6. 
On-voltage detected by the amplifier 6 and voltage generated in the first resistance 
element 2 1 is amplified comparatively so as to generate and output voltage to the gate 
terminal of the subsidiary switch 12. That is, since potential difference of the input 
terminal of the amplifier 6 is about zero volt when on-current is detected, the current 
detecting circuit composed of the two resistance elements 21, 22, the subsidiary switch 
element 12 and the amplifier 6 can easily obtain high gain and amplify up to a high 
speed signal and supply a current signal of on-current of the main switch 1 1 with low 
impedance output. 

(Embodiment 2) 

The second embodiment is shown in Fig.2. This embodiment is almost the 
same as that of the first embodiment. This embodiment is characterized in that the main 
switch 11 is composed of n-channel MOSFET. Detection of current can be also 
conducted by the same way as that of the first embodiment. However, polarity 
characteristics of output voltage of the driving circuit 4 is different from that of the first 
embodiment, that is, in the first embodiment, the main switch 11 becomes conductive 
by negative gate potential to the source potential, on the other hand, the main switch 1 1 
becomes conductive by positive gate potential to the source potential in the case of this 
embodiment. 

(Embodiment 3) 
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The third embodiment is shown in Fig. 3. In this embodiment, the first 
resistance element 21 is connected to a source terminal of the third switch 13, wherein a 
drain terminal is connected to the source terminal of the subsidiary switch 12. And the 
gate terminal of the third switch 13 is connected to the driving circuit 4 and the gate 
signal of the third switch 13 is so constructed as to synchronize with that of the gate 
signal of the main switch 11. That is, since the main switch 11 is p-channel MOSFET in 
this embodiment, the third switch 13 is also p-channel MOSFET. 

Because in the case of the third embodiment, the gate signal of the main switch 
11 is so constructed as to synchronize with that of the gate signal of the third switch 13, 
when the main switch 11 is on off-state, and the third switch 1 3 is also on off-state, it is 
possible to prevent large current from flowing through the first resistance element 21. 
Therefore, a current detecting circuit with electric power of a low consumption is 
realized. And further operation waveform in this third embodiment is shown in the next 
Fig. 4. 

Fig. 4 shows, from the top, voltage Vgs between the gate and the source of the 
main switch 1 1 , voltage Vds between the drain and the source of the main switch 1 1 , 
current Ids between the drain and the source of the main switch 11 and current signal 
output generated in the second resistance element 22. In the case of the third 
embodiment, since the main switch 11 is p-channel MOSFET, Vgs, Vds and Ids 
functions by negative voltage and negative current. It is assumed as the case of 
components of parasitic capacity contained in load that a peak current Idsp is generated 
at the time of turn-on of the main switch 11. Voltage of the second resistance element 22 
is similar to inversed pole of current of the main switch 11. And in Fig.3, ton, and toff 
represents delay time of at the time of turn-on, turn-off respectively, and tl, and t2 
represents drop time and rising edge time, respectively. 

And further, the main switch may be n-channel MOSFET also in this 
embodiment. But since the gate signal of the third switch 13 is so constructed as to 
synchronize with that of the main switch 11, the third switch 13 is constructed by 
n-channel MOSFET in many instances. In this case, when pole characteristics of output 
voltage of the driving circuit 4 is positive potential to the source potential, the main 
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switch 1 1 is operated. 
(Embodiment 4) 

The fourth embodiment is shown in Fig. 5. In this embodiment, in addition to 
the structure of the third embodiment, a delay circuit 5 is connected between the gate 
terminal of the third switch 13 and the driving circuit 4. And in this embodiment, the 
first resistance element has the same cell structure as the main switch 1 1 and uses the 
current detecting switch 14 constructed by MOSFET biased by a fixed gate. And further 
this current detecting switch 14 has higher on-resistance value (10000 times for 
example) than on-resistance of the main switch 11. The gate terminal of the current 
detecting switch 14 is connected to the circuit 7 for generating a low-level gate voltage. 

In this embodiment, by connecting the delay circuit 5 between the gate terminal 
of the third switch and the driving circuit 4, when the main switch 11 of high-side is 
turned on, it is possible to prevent parasitic component of capacity charging current Idsp 
in the load circuit 2 from appearing as a detecting signal and it is also possible to 
prevent malfunction of an over current protecting circuit. And in this case, a delay time 
is usually about tl. Therefore, the delay circuit 5 causes the delay time by about tl, only 
when the third switch 13 is turned on, and the delay time is zero, when the third switch 
13 is turned off. 

And since the first resistance element has the same cell structure as that of the 
main switch 1 1 and has a higher resistance value than that of on-resistance of the main 
switch 11, and the current detecting switch 14 biased by the fixed gate is used, the 
on-resistance of this current detecting switch 14 has the same temperature 
characteristics and variation as these of the main switch 1 1, so that accuracy of detecting 
current can be easily improved. Therefore a current detecting circuit with a high 
reliability can be easily realized. 

(Embodiment 5) 

The fifth embodiment is shown in Fig.6. This embodiment shows a current 
detecting circuit of reversed direction current. In the current detecting circuit shown in 
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the first to the fourth embodiments it is assumed that current, flowing in the direction 
from the power 3 through the main switch 11 to the load circuit 2, is positive. In the 
fifth embodiment, a current detecting circuit is provided, wherein current, flowing in the 
direction from the load circuit 2 through the main switch 11 to the input power 1, is 
positive. The amplifier 6 makes the subsidiary switch 12 operate, only when a positive 
potential is impressed between the source and drain of the main switch 11. At that time, 
an inversed current waveform of the main switch 11 is generated in the second 
resistance element 22, and the inversed current can be detected by using voltage 
waveform of the second resistance element 22. 

(Embodiment 6) 

The sixth embodiment is shown in Fig.7. In the fifth embodiment, the fixed 
potential 3 is a negative pole of input voltage. This switching circuit comprises the main 
switch 11 composed of n-channel MOSFET, whose on- voltage shows resistance 
characteristics, wherein the gate terminal the main switch 1 1 is connected to the driving 
circuit 4. And the source terminal of the main switch 11 is earthed and the drain terminal 
thereof is connected to the load circuit 2. In addition, in the case that the main switch 11 
is p-channel MOSFET, the drain terminal of the main switch 1 1 may be grounded and 
the load circuit 2 may be connected to the source terminal of the main switch 11. This 
switching circuit comprises the current detecting circuit, which comprises the first 
resistance element 21 having higher resistance value (10000 times for example) than 
that of on-resistance of the main switch 11, and the first resistance element 21 is 
grounded. Further, the first resistance element 21 may be a conventional diffusion 
resistance or preferably a poly-silicon resistance. And by setting temperature coefficient 
of the first resistance element 21 the same as that of on-resistance of the main switch 11, 
an accurate current detecting circuit can be constructed. And the switching circuit using 
this current detecting circuit can be set up so as to shift a detecting point of over current 
to a lower current side according to elevation of temperature. 

The current detecting circuit comprises the subsidiary switch 12 composed of 
n-channel MOSFET, wherein the first resistance element 2 1 is connected to the source 
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terminal thereof. And the current detecting circuit comprises the amplifier 6. A 
positive-terminal of the amplifier 6 is connected to the drain terminal of the main switch 
11, a negative-terminal thereof is connected to the source terminal of the subsidiary 
switch 12 and the first resistance element 21, wherein an output is connected to the gate 
terminal of the subsidiary switch 12. As above described, the voltage generated in the 
first resistance element and on- voltage of the main switch 11 is comparatively amplified 
so as to output it to the gate terminal of the subsidiary switch 12. Further the current 
detecting circuit comprises the second resistance element 22 that is connected to the 
drain terminal of the subsidiary switch 12 and constructed so as to generate voltage by 
amplifying on-current of the main switch 11. 

And the load circuit of this embodiment comprises a high side switch 15 
composed of p-channel MOSFET. A drain terminal of the high side switch 15 is 
connected to the drain terminal of the main switch 11, the positive-terminal of the 
amplifier 6 and its load, wherein a source terminal thereof is connected to the fixed 
potential 3. And a gate terminal thereof is connected to the driving circuit 4 and a 
CMOS inverter is made up with the main switch 11 and the high side switch 15. The 
switching circuit with the current detecting circuit is constructed as above-descried and 
its fundamental operation principle is about the same as that of the first embodiment but 
only polarity is inverted. 

(Embodiment 7) 

The seventh embodiment is shown in Fig.8. This embodiment is an example in 
the case that a fixed potential 3 in the fourth embodiment is a negative terminal of input 
voltage. In this embodiment, the first resistance element is connected to the source 
terminal of a third switch 13, wherein the drain terminal of the third switch is connected 
to the source terminal of the subsidiary switch. And in this embodiment, the first 
resistance element has the same cell structure as that of the main switch 1 1 and uses the 
current detecting switch 14 constructed by MOSFET biased by a fixed gate. And further 
this MOSFET has higher on-resistance value (10000 times for example) than 
on-resistance of the main switch 11. 
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The gate terminal of the third switch 13 is connected to the driving circuit 4 
and the gate signal of the third switch 13 is so constructed as to synchronize that of the 
main switch 11. That is, in this embodiment, the main switch 11 is n-channel MOSFET 
so that the third switch 13 is also n-channel MOSFET. In this embodiment, a delay 
circuit 5 is connected between the gate terminal of the third switch 13 and the driving 
circuit 4. The gate terminal of this current detecting switch 14 is connected to the circuit 
8 for generating a high-level gate voltage. 

In this seventh embodiment, the gate signal of the main switch 11 and the gate 
signal of the third switch 13 are constructed so as to synchronize each other so that 
when the main switch 11 is in off-state, the third switch is also in off-state, and therefore 
when the main switch 11 is in off-state, over current can be prevented from flowing in 
the current detecting switch 14. That can realize a current detecting circuit with low 
power consumption. And since the delay circuit 5 is connected between the gate 
terminal of the third switch 13 and the driving circuit 4, delay is caused only at turn-on, 
so that when the main switch 11 of low-side is turned on, generation of parasitic 
component of capacity charging current Idsp in the load circuit 2 as signal waveform 
can be prevented and malfunction of an over current protecting circuit can be prevented. 

Further the first resistance element has the same cell structure as that of the 
main switch 11 and has a higher on-resistance value than that of on-resistance of the 
main switch 11 and the current detecting switch 14 biased by the fixed gate is used, so 
that, the on-resistance of this current detecting switch 14 has the same temperature 
characteristics and variation as these of the main switch 13, so that accuracy of current 
detection can be easily improved. Therefore a current detecting circuit with a high 
reliability can be easily realized same as in case of the fourth embodiment. 

(Embodiment 8) 

The eighth embodiment is shown in Fig.9. In this embodiment, a current 
detecting circuit with a inversed flow direction is provided, wherein it is applied in the 
case that the fixed potential 3 in the fifth embodiment is negative terminal of input 
voltage. In the current detecting circuit shown in the sixth embodiment and the seventh 
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embodiment, it is assumed that current, flowing in the direction from the load circuit 2 
through the main switch 11 to the negative terminal of input voltage, is positive. Fig.9 
shows a current detecting circuit wherein current, flowing in the direction from the 
negative terminal of input voltage through the main switch 1 1 to the load circuit 2, is 
positive. The amplifier 6 functions the subsidiary switch 12, only when a negative 
voltage is charged between source and drain of the main switch 11. At that time, an 
inversed current waveform of the main switch 11 is generated in the second resistance 
element 22 and an inversed current can be detected by using a voltage waveform of the 
second resistance element 22. 

INDUSTRIAL APPLICABILITY 
The present invention provides the effect that a current detecting circuit, which 
can output large current waveform while keeping difference of input voltage of an 
amplifier about zero volt, can be obtained and further provides the effect that by 
connecting the third switch, of which gate signal synchronizes that of a main switch, 
between the first resistance element and the subsidiary switch, voltage waveform of the 
second resistance element become similar to that of current wave of the main switch 
and that the current waveform can be thereby treated with high speed in shape of large 
voltage signal. 

By means that the first resistance element made of poly-silicon resistance is 
formed on insulating film, insulation between the main switch and the first resistance 
element can be formed easily and a highly integrated circuit may be possible and 
parasitic capacity etc. become so small that high speed operation become possible. By 
means that the first resistance element is so formed that its temperature coefficient has 
higher positive value than that of the main switch, the current detecting circuit using the 
first resistance element can provide easily a switching circuit with stronger function of 
anti-heat-bursting. Therefore, a current detecting circuit with many excellent features 
can be easily formed. Therefore the present invention provides an effect that a current 
detecting circuit with many excellent features can be easily formed. 
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